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NEW ADVANCES IN MINE SITE GAS ANALYSIS 
USING GAS CHROMATOGRAPHS 
Lauren Forrester
1
, Yet-Hong Lim
2
 and Inga Usher
3 
 
ABSTRACT: Gas analysis using mine site gas chromatographs has traditionally been restricted 
generally to permanent gases (i.e. helium, hydrogen, oxygen, nitrogen, methane, carbon monoxide, 
carbon dioxide, ethylene and ethane). Improvements in the technology now allow for additional gases 
such as aliphatic hydrocarbons and BTEX to be analysed. Aliphatic hydrocarbons and BTEX have 
implications for the detection of spontaneous combustion, currently under investigation by ACARP 
project C25072. This paper will detail the modifications needed to enable analysis of these gases 
existing mine site equipment. The analysis capabilities of the modified equipment will be determined 
and examples of the chromatography produced by the system provided. The stability of the samples 
will be analysed in terms of the existing sampling procedures and equipment utilised. The stability of 
the samples with regard to any recommended new sampling procedures and equipment will also be 
outlined.  
INTRODUCTION 
The micro gas Chromotoraph (GC) is the current technology used at mine sites for analysis of the 
general permanent gases. This technology can analyse for helium, hydrogen, oxygen, nitrogen, 
methane, carbon monoxide, carbon dioxide, ethylene and ethane. Analysis for acetylene is also 
possible, but not routinely set up for Australian coal mines.  
ACARP Project C10015 identified a Volatile Organic Compounds (VOC) fingerprint for the 
spontaneous combustion profile of Australian coals below 100°C. A Benzene, Toluene, Ethylbenzene 
and Xylene (BTEX) profile was identified between the temperature ranges of 60-80°C for Bowen 
Basin coal. Benzene and toluene were observed at low temperatures in Upper Hunter, NSW coal. 
This project did not identify a C3 to C6 alkane profile – propane, butane, pentane and hexane 
(Clarkson et al., 2007).  
The technology of the time meant that BTEX required specialist sampling with a tube at set flow rates 
and timing, with the analysis needing to be performed in a laboratory. Challenges such as transit time 
to a suitable laboratory, the time taken from sampling to generation of results and the need for 
analysis outside normal business hours meant that this technology was not suited to a mine site 
application (Clarkson and Usher, 2008).  
Analysis of aliphatic hydrocarbons was possible on a micro GC in 2007, however at the time the 
reporting limit was set at 100 ppm. Previous analysis of spontaneous combustion samples had given 
no results due to the high reporting limit (Clarkson et al., 2007). It was not recognised that although 
the instrument had a high reporting limit, peaks equating to less than the reporting limit were present 
and could have provided a qualitative profile.  
The current iteration of the micro GC has improved sensitivity, with a limit of detection of 1ppm for 
many components, and a larger range of columns available. This has resulted in a column being 
available that is capable of both BTEX analysis and C3 to C6 analysis of the aliphatic hydrocarbons. 
Given the knowledge gained from ACARP Project C10015, the suitability of the improved technology 
for a mine site application needs to be established.  
                                                     
1
 Analytical Chemist, Simtars. Email lauren.forrester@simtars.com.au 
2
 Analytical Chemist, Simtars. Email kelvin.lim@simtars.com.au 
3
 Analytical Chemist, Simtars. Email  inga.usher@simtars.com.au 
Coal Operators Conference  The University of Wollongong 
 
 
8-10 February 2017   315 
Sampling for aliphatic hydrocarbons and BTEX is established for related industries such as oil and 
gas, and includes the use of stainless steel cells (Fish, 2002) and Tedlar bags (Saber and cruze, 
2009). Sampling with stainless steel cells is not appropriate for the coal mining industry as they are 
taken from high pressure pipelines. There is also the potential for some sampling media to have 
background levels of the target gases present (Mussato, Varisco and Tsurikova, 2009). Aluminium 
gas bags are the industry standard used in mining for the general permanent gases. They, along with 
Tedlar gas bags, need to be assessed to determine their suitability for the mining application for 
aliphatic hydrocarbon and BTEX analysis.  
 
MICRO GC HARDWARE SETUP 
 
General Permanent Gases 
The micro GC typically used is a four channel chassis, which has the ability to house up to four 
individual channels, each containing its own column and carrier gas supply. The general permanent 
gases can be analysed by using three or four channels, leaving the opportunity for additional analysis 
with the fourth channel space. Some mine site micro GC’s are setup with three channels for the 
analysis of the general permanent gases, the addition of a fourth channel is simply a matter of 
extending the carrier gas lines internally and installing the additional channel. Mine sites that currently 
have a four channel setup for general permanent gases will be able to replace one of the existing 
channels with a new channel. This work can be performed by the instrument supplier’s technician, 
and would typically take a few hours at most to perform. The modification work would not be 
performed on the mine site, and so a temporary GC would need to be installed to ensure continuity of 
monitoring ability. Table 1 lists the general permanent gases analysed for by a mine site, and the 
typical setup used on a micro GC. 
Table 1: Typical micro GC setup for a mine site application 
 
Column Type Carrier Gas Components Typically Analysed 
MS5A – Molecular Sieve Argon Helium, Hydrogen, Oxygen, Nitrogen, Methane 
MS5A – Molecular Sieve Helium Methane, Carbon Monoxide 
PPU or PPQ – Porous Polymer Helium Carbon Dioxide, Ethylene, Ethane, Acetylene*, Propane* 
*Not routinely setup on a mine site GC 
PPU vs PPQ channels 
A PPU and PPQ column can provide propane analysis. Both columns provide similar information with 
a few key differences that are outlined in Table 2.  
Table 2: Differences between PPU and PPQ columns (van Loon, 2012) 
 
Variable PPU PPQ 
Water peak Swamps chromatography and occurs randomly Defined peak that does not interfere with 
other components 
Ethylene and acetylene separation Can separate both components Cannot separate both components, co-elute as 
one peak 
Propane and propylene Cannot baseline separate both components Can separate both components 
 
Proper maintenance of a micro GC with regular bake outs, and drying of samples before introduction 
to the GC minimises the issue of water peaks on a PPU column.  
Coal Operators Conference  The University of Wollongong 
 
 
8-10 February 2017   316 
Ethylene is currently used as a key evacuation trigger in a mine sites spontaneous combustion 
Trigger Action Response Plan (TARP). Although acetylene is not typically seen in the spontaneous 
combustion profile of Australian coals, its contamination of a sample is possible from other sources. If 
inertisations equipment such as the Tomlinson Boiler and the GAG jet engine are not running 
efficiently, then it is possible for unburnt hydrocarbons to be generated in their output (Bell et al., 
1998). The use of a PPQ channel would mean that the system could generate a positive result for 
ethylene in such a circumstance if acetylene was present, as the column cannot separate the two. 
Channels for C4 to C6 aliphatic hydrocarbon and BTEX 
The target aliphatic hydrocarbons are propane, butane, pentane, hexane and their isomers. BTEX 
analysis targets benzene, toluene, ethylbenzene, xylene and its isomers. Several column types are 
available for micro GC’s that can analyse these gases. Table 3 lists the column types and the gases 
that are able to be analysed. 
Table 3: List of micro GC columns and gases able to be analysed 
 
Column Type Carrier Gas Gases able to be analysed 
Alumina Oxide Helium Iso-butane, n-butane, iso-pentane, n-pentane, n-hexane 
Wax 52 CB Helium Benzene, toluene, ethylbenzene, p-xylene, m-xylene, o-xylene 
Silica 5 CB Helium Iso-butane, n-butane, iso-pentane, n-pentane, n-hexane 
Benzene, toluene, ethylbenzene, p and m-xylene, o-xylene 
 
The Silica column is capable of both BTEX analysis and C4 to C6 aliphatic hydrocarbon analysis. The 
difference between the analysis capabilities of the Wax and Silica with respect to BTEX analysis, is 
that the Wax can separate the para and meta xylene isomers (Vattaire and van Loon, 2011), whereas 
the Silica cannot (Duvekot and van Loon, 2012). ACARP project C25072 will determine if separation 
of these isomers is required for the mine site application. Given that the Silica is capable of both types 
of analysis, and there is only one free space in a four channel micro GC, it is a suitable option for 
incorporation into a mine site micro GC. Analysis for BTEX and the aliphatic hydrocarbons is not 
possible in the same run, different method parameters are required to target one or the other. BTEX 
analysis typically requires a much higher column temperature setting compared to the aliphatic 
hydrocarbons. It is therefore necessary to have two different methods setup on the instrument for the 
two groups of target components.  
METHOD CAPABILITIES 
The sensitivity of the Silica channel was challenged for both the C4 to C6 aliphatic hydrocarbons and 
BTEX. The PPU channel was challenged for the sensitivity to propane. This was done by 
determination of the LOD (limit of detection). The LOD is defined as the concentration at which five 
repeat injections return an RSD value of no greater than 10%. To determine the LOD for the aliphatic 
hydrocarbons, various mixes were generated from a certified cylinder and instrument grade nitrogen 
on cascading Wösthoff pumps. Table 4 shows the results of the LOD for the aliphatic hydrocarbons. A 
certified mix of ~2 ppm BTEX was used for the LOD, the results in Table 5 show that the %RSD is 
significantly better than the 10% limit. The true LOD is most likely at 1 ppm for all the BTEX 
components, but due to the inability to mix for BTEX at this stage, a 1ppm mix was not able to be 
generated. 
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Table 4: LOD for aliphatic hydrocarbons 
Injection Propane iso-butane n-butane neo-pentane iso-pentane n-pentane n-hexane 
Conc. 5.1ppm 4.2ppm 4.0ppm 2.5ppm 1.2ppm 2.5ppm 4.0ppm 
1 1622 895 1223 519 327 693 867 
2 1587 861 1078 492 364 614 798 
3 1515 766 1056 481 294 636 826 
4 1530 743 1010 514 302 640 723 
5 1455 742 1018 466 310 645 707 
Mean 1542 801 1077 494 319 646 784 
Std Dev 64.94 71.6 86.2 22.3 27.8 29.0 68.0 
%RSD 4.21 8.93 8.00 4.50 8.69 4.50 8.67 
 
Table 5: LOD for BTEX 
aria Benzene Toluene Ethylbenzene p/m-Xylene o-Xylene 
Conc. 2.32ppm 2.16ppm 1.83ppm 3.73ppm 1.77ppm 
1 1196 1086 875 1421 781 
2 1114 1171 861 1506 801 
3 1099 1155 885 1573 741 
4 1200 1057 845 1565 831 
5 1158 1152 919 1510 764 
Mean 1153.4 1124.2 877 1515 783.6 
Std Dev 46.15 49.72 27.89 60.84 34.48 
%RSD 4.00 4.42 3.18 4.02 4.40 
 
Example chromatography for low level mixes for the aliphatic hydrocarbons and BTEX components 
on the Silica channel are shown in Figures 1 and 2. The concentrations of aliphatic hydrocarbons in 
Figure 1 are: 4.2 ppm iso-butane, 4 ppm n-butane, 1ppm neo-pentane, 1.2 ppm iso-pentane, 1ppm n-
pentane and 0.5 ppm hexane. The concentrations of BTEX in Figure 2 are the same as those found in 
Table 5. 
 
 
Figure 1: Example chromatography for aliphatic hydrocarbons 
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Figure 2: Example chromatography for BTEX 
 
It should be noted that the method used for the LOD is an analytical method, designed for use in 
commercial NATA certified laboratories. The instruments are capable of producing peaks that are 
smaller than their listed LOD. Peaks that are below the LOD can still be used in a mining application. 
An example of this is the use of ethylene (a key spontaneous combustion indicator used in TARPs), 
the current analytical LOD for ethylene on a PPU or PPQ column is typically 1 ppm. Levels of less 
than 1 ppm can be generated in spontaneous combustion events. The fact that the results are below 
1 ppm does not mean that they are discarded, with the importance placed on the trend that is 
observed, and the fact that ethylene is present. The same would apply for the C3 to C6 aliphatic 
hydrocarbons and BTEX components, should ACARP project C25072 determine their application 
relevant for spontaneous combustion detection. 
 
SAMPLING EQUIPMENT 
 
The equipment used to take gas samples involves tubing, pumps and gas bags. Each part of the 
sampling equipment has the potential to cause interference in the ability to accurately analyse for 
aliphatic hydrocarbons and BTEX.  
Gas Bags 
Two types of gas bags were tested for their interaction with the aliphatic hydrocarbons and BTEX, a 
Tedlar gas bag and an aluminium gas bag (the commonly used gas bag for mine site gas sampling). 
The GC was calibrated with the known span gas using all stainless steel gas lines to eliminate any 
potential interactions. A Tedlar and aluminium gas bag were filled with the known standard, using all 
stainless steel connections from the cylinder to the bag, and immediately run on the GC to allow a 
comparison with the known span gas.  
Figure 3 shows the results of the study for the aliphatic hydrocarbons. The difference between the 
span gas and Tedlar and aluminium gas bags was not significant for most gases. The exception to 
this was n-pentane and hexane, which showed an immediate loss of approximately 7.5% and 15% in 
the aluminium bag only.  
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Figure 3: Comparison of sample bag types for aliphatic hydrocarbons 
 
Figure 4 shows the results of the study for the BTEX components. The difference between the span 
gas and Tedlar bag is not significant for benzene, toluene and ethylbenzene. The loss for all of the 
xylene isomers is significant, with the o-xylene being around 11%. The aluminium bags showed 
significant losses for all components. The smallest loss was approximately 9% for benzene, with the 
worst affected being ethylbenzene and the xylene isomers, all of which reported less than 50% of 
their expected values. This indicates that there is absorption occurring, either via the dairy tube or the 
internal lining of the gas bag. 
 
Figure 4: Comparison of sample bag types for BTEX components 
 
Sample Stability 
 
The short term and long term stability of both the aliphatic hydrocarbons and BTEX were tested in 
aluminium and Tedlar gas bags. Gas bags are routinely analysed on a mine site within the same shift 
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or 24 hours of being sampled underground, if the mine has an on-site GC. Analysis times would be 
longer for mines that send gas bags externally for analysis, due to factors such as delivery times.  
 
The results of the short term, 16 hour, study for the aliphatic hydrocarbons in an aluminium bag are 
found in Figure 5. All components show a decrease over the testing time. At 16 hours, iso-pentane 
and n-pentane had a loss of 10%, hexane was at 22% and all other components had losses of 5%.  
Figure 5: Aliphatic hydrocarbons short term stability in an aluminium bag 
Figure 6 shows the results of the stability study over one week. The results from the aluminium bag 
study show the same trend in losses as the short term study. n-Pentane and hexane exhibit the 
greatest decline in sample stability over the one week time frame with losses up to approximately 
20%. 
Figure 6: Aliphatic hydrocarbons long term stability in an aluminium bag 
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Figure 7 shows the results of the stability study in a Tedlar bag over seven days. This demonstrates 
that the aliphatic hydrocarbons are very stable in a Tedlar bag. A short term stability study was not 
performed, due to the results from the long term stability study. 
 
Figure 7: Aliphatic hydrocarbon long term stability in a Tedlar gas bag 
 
Figure 8 shows the results of the short term stability study for the BTEX components in a Tedlar and 
aluminium gas bag. The results from this testing show that these components are stable in a Tedlar 
bag over a period of 8 hours. Despite the initial losses in the aluminium bag, due to interaction with 
the dairy tube or internal gas bag lining, the losses for all components after six hours was 6 - 13%, 
except o-xylene, which was around 17%. At 24 hours, benzene had a loss of 16%, and the other 
components ranged from 25 – 41%.  
 
Figure 8: BTEX short term stability study in a Tedlar bag and aluminium bag 
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The stability of BTEX was determined over a 13 day period in both aluminium and Tedlar gas bags, 
shown in Figure 9. After one day in a Tedlar bag, benzene was still stable, however significant losses 
were seen for the rest of the components (approximately 22% for o-xylene). Additional work needs to 
be performed to determine where the losses start to become significant, given that the short term 
eight hour study showed the BTEX components to be stable in a Tedlar gas bag. All components 
continue to exhibit significant losses of greater than 40% by day 13, with the exception of benzene. 
The aluminium gas bag also showed significant losses over the 13 day period. After one day, the 
largest loss was around 18% with p/m-xylene. By day 13, all components had lost 50 – 60% of their 
original concentration.  
Figure 9: Long term stability study for BTEX in a Tedlar bag and aluminium bag 
Tubing used for sampling 
A variety of tubing that could potentially be used in the sampling process, was selected to determine if 
any interaction with the aliphatic hydrocarbons or BTEX occurred. The tube types tested were Tygon 
tubing, PTFE tubing, tube bundle line and the dairy tube from an aluminium gas bag. Nitrogen was 
first passed through each tube to determine if any background levels of each type of component was 
present. This result was negative for both the aliphatic hydrocarbons and BTEX, for all tube types. A 
certified gas was then passed through the tube, and the exhaust analysed by allowing the GC 
sampling pumps to pull a sample through the tubing. This was done to determine the amount of loss 
of each gas. Table 6 shows the results of this testing. 
Tygon tubing had minimal losses for iso-butane, neo-pentane and propane. The other aliphatic 
hydrocarbons showed more significant losses. BTEX had 100% losses for all components. Tube 
bundle line showed minimal losses for the aliphatic hydrocarbons, with the exception of n-hexane at 
14%. There were significant losses for BTEX through a tube bundle line ranging from 58 – 93%. 
PTFE tubing showed the smallest amount of loss across both types of components. n-Hexane had 
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the largest loss for the aliphatic hydrocarbons at 5%. p/m-xylene was the largest loss for BTEX at 
20%. The dairy tube from the aluminium bag showed significant losses for both types of components. 
The aliphatic hydrocarbons ranged from 13 – 73%. All of the BTEX components had losses greater 
than 96%. 
All of the tubing required multiple injections, as the result decreased before finally stabilising. The 
results quoted in Table 6 are the final stabilised results. The decreasing results indicate that 
absorption is occurring, and reaches a critical point at which no further interaction occurs. Further 
injections with nitrogen through the tubing suggested that once the aliphatic hydrocarbons or BTEX 
are absorbed, they are not simply released by the tubing.  
Table 6: Losses for aliphatic hydrocarbons and BTEX in sampling tubes 
 
Component Tygon Tube bundle line PTFE tubing Aluminium Bag Dairy 
Tube 
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iso-butane 97.73 94.92 2.9 90.94 89.12 2.0 90.94 89.50 1.6 90.94 79.32 12.8 
n-butane 96.02 91.72 4.5 90.87 88.51 2.6 90.87 89.07 2.0 90.87 72.85 19.8 
neo-pentane 51.46 50.24 2.4 47.73 46.81 1.9 47.73 46.96 1.6 47.73 41.49 13.1 
iso-pentane 99.81 93.20 6.6 93.17 90.70 2.7 93.17 91.27 2.0 93.17 67.12 28.0 
n-pentane 98.07 85.57 12.8 93.52 88.74 5.1 93.52 90.91 2.8 93.52 54.20 42.1 
n-hexane 47.01 30.33 35.5 45.92 39.50 14.0 45.92 43.60 5.1 45.92 12.39 73.0 
Propane 206.0 200.9 2.5 194.8 189.9 2.6 194.8 187.4 3.8 194.8 140.2 28.0 
Benzene 11.7 0 100.0 11.17 4.68 58.1 11.12 10.45 7.7 11.38 0.42 96.3 
Toluene 11.0 0 100.0 10.55 1.81 82.8 10.52 9.08 11.2 10.82 0.20 98.2 
Ethylbenzene 9.29 0 100.0 8.76 0.90 89.8 9.01 6.79 15.4 8.87 0.24 97.4 
p/m-xylene 18.58 0 100.0 17.46 1.41 91.9 17.51 12.03 20.1 17.42 0.53 97.0 
o-xylene 9.33 0 100.0 8.71 0.56 93.6 7.99 6.52 7.6 8.29 0 100.0 
 
The flow rate of the GC sampling pumps is very low, compared to that through a tube bundle line for 
example. The low flow rate has most likely resulted in a worst case result, as there is more 
opportunity for absorption to occur. This will be particularly relevant for BTEX, which is very reactive. 
Additional work should be conducted to replicate the flow rates seen on a tube bundle system, to test 
for BTEX losses. 
The general rule for tubing is that the more flexible it is, the more likely it will absorb BTEX and 
aliphatic hydrocarbons. This can be seen with the losses for the tygon tubing and dairy tube from an 
aluminium gas bag, versus the PTFE and tube bundle line. Sampling underground at seals should be 
performed when the seal is breathing out, otherwise sampling pumps that contain a flexible 
diaphragm have the potential to absorb the target gases. 
CONCLUSION 
The mine site micro GC currently used for analysis of the general permanent gases can be modified 
to allow for analysis of aliphatic hydrocarbons and BTEX, by installation of a Silica 5 CB channel. The 
sensitivity of the new channel is comparable to existing channels analysing for spontaneous 
combustion indicators. Should ACARP project C25072 determine the use of aliphatic hydrocarbons 
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and BTEX to be relevant for spontaneous combustion, the sensitivity of this channel will make low 
ppm level analysis achievable.   
Tedlar bags are the ideal gas bag to be used when sampling for both the aliphatic hydrocarbons and 
BTEX, as they show the least amount of interaction as opposed to the aluminium bags. These bags, 
however are not what is currently used for gas sampling underground. Their use would need to 
involve alteration of sampling lines underground, as the inlet for a Tedlar bag is significantly smaller 
than that of an aluminium bag. Tedlar bags are also substantially more expensive than aluminium 
bags. Aluminium gas bags may be able to be used, subject to the findings of ACARP project C25072, 
as analysis completed within 24 hours can still obtain relevant information. 
The stability of both the aliphatic hydrocarbons and BTEX would need to be considered for a mining 
application. Mine sites with an on-site GC could analyse the sample within hours of it being taken, 
minimising any stability issues. Additional work needs to be performed to determine at what point the 
stability of BTEX in the Tedlar bags becomes compromised, given that BTEX is stable at 8 hours, but 
shows significant losses at 24 hours. 
Great care would need to be used when determining the type of tubing used for sampling. The use of 
tygon tubing for example, could lead to 100% loss of BTEX. Stainless steel is the ideal material to be 
used for sampling however, its use is not necessarily practical due to its rigid nature. PTFE is the 
most suitable out of the tubing types tested for both the aliphatic hydrocarbons and BTEX. It should 
be noted that the testing of the tubing involved low flow rates, and therefore gave a worst case 
scenario. This may be particularly relevant to tube bundle line, as sampling for spontaneous 
combustion indicators may be necessary through the tube bundle system if there is no access 
available underground.  
RECOMMENDATIONS 
Assuming that ACARP project C25072 shows aliphatic hydrocarbons and BTEX to be relevant in the 
determination of spontaneous combustion, the major recommendations for the implementation of 
analysis at a mine site are: 
 
 Installation of a Silica 5CB channel into on-site mine GC’s, 
 The use of Tedlar bags for the analysis of aliphatic hydrocarbons and BTEX, 
 Analysis as soon as possible, preferably within the same shift, for both aliphatic hydrocarbons 
and BTEX, 
 The use of stainless steel for sampling line wherever possible, 
 The use of PTFE for sampling where stainless steel cannot be used, 
 Elimination of any kind of flexible plastic in the sampling line, and 
 Sampling at seals when they are breathing out, to avoid potential interactions with a sampling 
pump. 
 
Additional work that needs to be performed for the mine site application of the analysis of aliphatic 
hydrocarbons and BTEX: 
 Determination of the stability of BTEX in Tedlar bags between 8 hours and 24 hours, to 
determine at what point losses start to occur 
 Additional testing with tube bundle line, at flow rates that replicate those typically seen on a 
tube bundle system, to determine the losses for both aliphatic hydrocarbons and BTEX. 
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